A small number of free-living viruses have been found to be obligately vertically 52 transmitted, but it remains uncertain how widespread vertically transmitted viruses are 53 and how quickly they can spread through host populations. Recent metagenomic studies 54 have found several insects to be infected with sigma viruses (Rhabdoviridae). Here, we 55 report that sigma viruses that infect Mediterranean fruit flies (Ceratitis capitata),
76
A well characterised obligately vertically transmitted virus that does not integrate into 77 its host's genome is the sigma virus of Drosophila melanogaster (DMelSV) [8] . This is a 78 negative sense RNA virus in the family Rhabdoviridae that is found in the cytoplasm of 79 cells [9] . Typically, vertically-transmitted cytoplasmic pathogens can only be 80 transmitted maternally, and this alone cannot allow them to increase in prevalence [10] .
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However, DMelSV is transmitted by both infected males and females, which allows it to 82 spread through host populations, even if it carries a cost to the host [2, 9, [11] [12] [13] . This is 83 analogous to the spread of transposable elements through a host population, where the 84 element can spread at rates greater than a Mendelian locus, giving it a natural 85 transmission advantage. Two more vertically transmitted sigma viruses have been 86 characterised in different species of Drosophila (DAffSV and DObsSV from Drosophila 87 affinis and Drosophila obscura respectively). Like DMelSV, these are biparentally 88 transmitted through both the eggs and sperm of their hosts [14, 15] 
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Infected C. capitata were collected from the Cepa Petapa lab stock and uninfected flies 123 were from the TOLIMAN lab stock. Virgin females and males were crossed and their 124 offspring collected. Only 29% of flies from the Cepa Petapa stock were infected when we 125 carried out the crosses (see below). In total we tested 10 crosses between infected 126 females and uninfected males, 8 crosses with uninfected females and infected males, and 127 7 crosses where neither sex was infected. We tested both parents and a mean of 6 128 offspring for each cross (range 4-8, total of 197 offspring) for infection using RT-PCR 129 (see table S1 ).
4
To measure transmission of PAegSV in speckled wood butterflies, we examined crosses 140 between the offspring of wild caught P. aegeria females that were an unknown mix of 141 infected and uninfected individuals. The wild caught females were collected in Corsica 142 and Sardinia in May 2014 (see below). Virgin females and males were crossed, and their 143 offspring collected. We tested the infection status of the parents used for the crosses 144 post hoc using RT-PCR; in total there were 10 crosses between infected females and 145 uninfected males, 8 crosses with uninfected females and infected males and 1 cross 146 where neither sex was infected (data not shown from 28 crosses where both parents 147 were infected). We tested a mean of 4 offspring for each cross (range 1-8, total of 171 148 offspring) for virus infection using RT-PCR (see table S1 ). Corsica (41.752, 9.191; 41.759, 9.184; 41.810, 9.246; 41.377, 9.179 
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Collections to examine virus prevalence in wild populations
206
As ADAR-induced hyper-mutations will be a source of non-independent mutation we 207 aimed to exclude such mutations to prevent them confounding our analyses. Compared 208 to a 50% majority-rule consensus sequence of our DImmSV sequences, we identified 17 209 sites with A to G mutations at ADAR preferred sites across the negative sense genome models have been shown to perform as well as more complex non-codon partitioned 234 models but with fewer parameters [37] . We tested whether a strict clock rate can be 235 excluded by running models with a lognormal relaxed clock; for all three viruses we 236 found the posterior estimate of the coefficient of variation statistic abuts the zero 237 boundary, and so a strict clock cannot be excluded [38] .
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We reconstructed the phylogeny with an exponentially expanding population 240 (parameterised in terms of growth rate) or a constant population size model. The 241 population doubling time was calculated from the growth rate as ln(2)/growth rate. We 242 excluded a constant population size if the 95% confidence intervals (CIs) for estimates 243 of growth rate did not cross zero. We verified we were using the most suitable 244 demographic model for each virus using the path sampling maximum likelihood 245 estimator implemented in BEAST (see supplementary materials) [39] . We note that 246 estimates of the root age were similar across models (Table S2) 
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For CCapSV and DImmSV horizontal or sexual transmission appears to be rare or absent.
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We did not detect virus in any of the offspring from crosses where both parents were 284 uninfected, or in uninfected individuals that mated with infected individuals during the 285 crosses. As the infection status of parents in crosses to measure transmission of PAegRV 286 was only established post hoc, we were unable to test for evidence of horizontal or 287 sexual transmission between parents.
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Sigma viruses are common in natural populations
291
We tested 243 C. capitata, 527 D. immigrans and 137 P. aegeria from the wild for 292 presence of their respective viruses using RT-PCR. We found the mean viral prevalence 293 across populations was 12% for CCapSV, 38% for DImmSV and 74% for PAegRV. There 294 were significant differences in the prevalence between populations (tables S4-S6) for 295 CCapSV (Figure 2 ; Chi-Sq test, df = 1, χ 2 = 13.08, P =<0.001) and DImmSV (Figure 2 
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Sigma viruses can rapidly spread through populations 303 304
To infer the past dynamics of these viruses, we sequenced part of the N and L genes 305 from multiple viral isolates. We used these sequence data to produce a median joining 306 phylogenetic network for each of the three viruses ( Figure 3) , and examined the 307 population genetics of these virus populations.
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DImmSV had the lowest genetic diversity of the three viruses, and appears to have very 310 recently swept through host populations. We found only 40 polymorphic sites out of 
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Furthermore, we could reject a model of exponential growth in BEAST, as the 95% CI of 369 the growth rate overlapped zero (95% CI= -0.008, 0.028), and the constant population 370 10 size model was preferred in the path sampling analysis (see table S3 ). The BEAST 371 analysis supported the conclusion that this was an older infection, with the common 372 ancestor of all of our viral isolates existing 309 years ago (95% CI=105-588 years), 373 assuming the evolutionary rate is the same as DMelSV.
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The patterns of vertical transmission that we observed for three sigma viruses from C. 660 661
